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a SIGNATLING SYS]’IZ\I

- Clarcncc S. Jones, Los Altos, Calif., assignor to General

. Precision, Inc., a corporation of Delaware
Filed June 4, 1938, Ser. No. 739,909
26 C!.ums. (Cl. 343—46.5)

'11115 invention relates to electrical sv‘rnal]mv systems,

and more particularly to apparaius for 1dLnuf)no the

location of a first object wiih respect to one or moic of
The invention may be
vtilized for a variety of different purposes, a number of

* which will be menticred below.

In the transporiation and materials handling fields in
gcnpml, and particularly in the efficient running of a rail-
road, it ofien becomss desirable to know such informa-
tion as where each train is at any time, or with what
velocity the train is moving, or where individual railroad
cars are locat
determine the location of goods or materials carried on

* railrouds, trucks or zonveyers.

A cousiderable saving may often be effected if a central

' .agency is apprised, at all times, of selected portions of

the above information, since the operation of railroad
or truckmg business involves long d stances covering a

large territory without readily available communication ,

equipment. For example, scheduling of trains may be
considerably simplificd by remot cly observing the density
of traflic at crowded switching poinis.  Information as to
the location and -identity of available rallrcad vchicles
stored on sidings is immensely useful in determining the
type and amount of freight space available at any of the
loading centers. Informahon as to the location of par-
ticular goods, such as raw materials or cattle shipped
across countty on several trains or trucks, helps the
recipient to make necessary arrangements for unloading,
storing or the like. "
“Referring now more specifically to the railroad busi-
ness, it has herstofore been suggested that radio links be
established Letween each engine or each train and a cen-
tral arency in order that the operators, or the attendant
personnel thereof, be able to inform the central agency
of their Jocation. While such systems have been quite
vseful, their eficctivencss has been limited by the fact
that each train operator must be relizd upon always to
furnish accurate information with regard to the loca-
tion of his troin, Additionally, the locatior of selected
special purpose equipment, such as refrigerator cars or
heavy-duty freight cars. may require further radio links
situated proximate to such coupling points to be opcrated
by railroad vard personnel, since the train opcrator usu-
ally docs not have the means or responsibility to ascer-
tain or keep trock of the identity of lhe individual cars
on his train,

The need for an automatic sigralling system for fur-
ﬂl:hu’l" accurate information with regard to train or truck
lezation or gocds identification to a central agency has
lona been, recoznized, and various systems have deen
prup«s“d As far as I krow, none have been very- sue-
cassful, except the system dm:loced in my copending ap-
plication Serial Nur .LEI' 715,899, &led T:'bru.zry 18, 1958,
for “Signalling System,” which apphcatlon is a<5|5ned 5]
the same assignee as the present invention.

The specific system disclosed ia detail in my copending

application may be srid to coasprise an_interrogator-re-
sposder system, utilizing an mtcrrogato. avparatus to ap-
ply radio frcquu.s.) energy to a transmit coil carried on a
mevatle device such-as-a railrond vehiclel In my pre-

- wvious .‘pphcuuon. succcsswe bursis of radio Hrequency en-
’ {requencies, which are

ergy-are- transmitted . on difierent.
C)L,hclj repeated.  As the vehnclf' carr;nrg the wansmit
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coxl moves =u‘ﬁcxcm!y close to anv one of a pluralny
of p.nswe response Llocks distributed along the Tig ght-of-
way; certain of the radio frzquency bursis. operate Teso-.
nant circuits within the response block .to furnish power
to opcrdte a small responder oscillator, which transmits
a return signal on a fucther redic frcquencv By selec-
tive use of differently tunecd circuits in different response
tlocks, the réspender oscillator will prowje a seria] pulse’
code signal for reception by a receiver dSSOClalCd with
the interrogator useful for identifying each response block. ..
As well as using the interrogator on a vehicle to deter-

‘mine vchicle po;mon with respect to'a plurahty of fixed

locations, my previous sysiem confemplaies locating the.’

intérrozator at a fixed location to identify objects pass-

ing by which are provided with suitable passive Tesponse
b]o‘:m and which pass m'hm the signal field ‘of the in- .
terrogator. '

My previously dxsc‘osed basic system offu's an ex-

reme advantage over prior systerus in that it uses Lg‘v )
passive automatic response block units without being in-.
&Ccurate or unreliable, so that numerous remote siations |
or locations may be pr ovided with response means, with- -
out attendant provision of electric batleries or wired
power sources.  While passive response units have here- -
tofore been provided elsewhere, all of these of which I+
am aware requircd precise physical ahgnmcwt and were -
adversely affected by various environmental factors. .

_While the invention of application - Serial Number
715,899 admirably accomplishes its purposes, and while
it is ideally suited for a wide variety of applications, cer-
tain anplications benefit from modification of my earlier
system. For example, the specific interrogaior disclosed
in detail in my earlier system transmits a szries of radio
frequency signal bursts, each of a dierent frequency,
with a burst of radio freguency energy of a further fre-
quency interposed between each code signal for automatic
gain conirol purposes. If a large number of differently
coded response blocks are to be used, so that the system
raay employ a digital code having a relatively large num-
ber of binary digits, a large number of different interroga-
tor frequencizs must be transmitted successively. This
requircment may be troublesome when the system is
applied to the identification of very rapidly moving ob<
jects, or the ideniification of the location of an object
which moves rapidly with respcct to-a plurality of fixed
locations.

In order to allow the use of economical circuitry and
still preserve system reliability, the time length of each
radio frequency signal burst must be maintained at or
above a minimum value. In the case of ranidly inoving
bodies, the interrogator transmit coil and response pickup
coil may remain sufficicntly close to a response block to
interrogate the block only during a short period of time,
s0 that an insuflicient number of interrogator frequencies
can be transmitted if each fréquency is allotted its re-
quired duration. The present invention is in some re-
spects an improvement over the previous invention since
it overcomes the descrived iimitation by mterroﬂaung a
plurality of digits snmu].nncously :

In certain cther applications signalling systems of this -
nature may be used to transmit data relating to the posi-
tion of a movable object with respect to successive fixed
locations. Sometimes it is desirable to be able to deter-.
mine the rate at which the object is moving by noting the
rate at which it passes by a number of fixed stations. If
a precise velocity determinatior Is to be made at a given
instant rather than a mere avcrage velocity determina-
tion. it may be understood that vehicle location must be

noted at different locations which arz very close to each
-other.

If response stations are Jocated very close to each
other, and if ve! ucle specds become great. chouvh n 1s )
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be determined simultaneously.

- Tt 'has been proposed 1o interrogate a plumlny of bmary
dmts of 2 reaponder <1mu1nneoas]y with radio frequency
energy ha\mr{ a single frequency by providing e'mc}‘ re-
sponder with a sciected plurality of response osciilators,.
_each onz2 of which corrésponds to one digit. In this
manner, the interrogation time is a minimum, since ondy

" ..a single burst of radio. frequency cnergy provides a
digitally coded response signal 1dunufymm a rupondcr :

" uniquely.” In such a system, the interrogator receiver

mieans instead of the interrogator transmit means utitizes
" a breadly tuned coil whizh is résponsive to the ndxauon
Jfrom each ornie of the selcclcd pluralny of response oscil-
Tators “When this proposed system is compared to the

sys!cm of ‘my above mentioned copending application,
it is.seen that the burden of generating the plurality of

code frequcncxcs has_bezn shifted from the interrozator
" wnit-to the response block, with nmphﬁcahon of the
formcr but” with more, co-nplcx structure in the latter.

n many. apphcmons of sn"r'allmg app_matus of thxs,

) _fRature, large humbers of Tespoiise blocks are necded and

“enly a few. interrogator units dre necded, In such in-
“stinices it ‘Becomes. uncconomxcal m mcreas; the conm-
plexn) of the response blocks.: ’

My aboverentioned cope’zd'ng apphcauon dlsc}osec. in.

detail an mtnrrogutor-responder system using signals. of

someumcs absolulely nccassnry that a.I ldenuﬁcanon dx'ms '

[
A

20 -

25

~twelye . different. radio frequencies in order fo provide .~

zdenuﬁcaum ty means of a digital codc - having ten digits.

If the tv»e]ve frequencncs arc spaced 50 as not to interfere.

“with each o'her and ot to interfcre with other radio s:g-

nallmg devices, it will be .scen that they :equlre a given.

-amount of the R.F. speclrum The .present invention
. allows a great reduction in the’ required bundwidth. By
using a single interrogator R.F. ‘frequency and a single
Tesponse R. F f'requency in the presentinvention, I am-
able to trinsimit a large amount of data usmg much less

*bandwidth. In .my p"EVIOhQ system my inierrogator unit

" radiating nieans had 1o be broadly tuncd with attendant
- loss in snlecuvny, bccau<e it bad to transmit numerQus
different ra dxo frequencies. In a modiled version of my
earlier -'wcntrm, a plurahty of R.F. respomse frequencxes
were required, so that my inlerrogalor receiver mput cir-

cuit had to be broadly tuned. Ihf: present invention al- .

lows ‘both the radiating means and the receiver means
o be :bmply tuned, so that stmnger signals mav be trans-
mitted and received without mcreasmg the cest of my
‘transmitfer units, thereby mcreasmg the signral- .o-noise

" ratio and accuracy of my sx"nallmg sys(em. .

. Ttis therefore cne object of my invention to provide an
. improved signalling system for automaticaly identifying,
kcalmg ard numberm" a pluralny of objects.

It is another object of my invention tn provide aa im-
proved signalling system of the type in ‘which a _plurality
cof dxg'ts are interrogated sxmultuneously
It is still another object of my invention to provide an
u;nprovcd signalling system for interrogating a plurality
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spondc. uhxch does not rcqurc extc "l pow;,r for 1
N

Itis a still unher ob'ecl of my invention to prcmdr. a0

improved signalling system which is reliable in operation,

simple in design and economical in construction.

Oiher objecls of the invention will in pan be ob{'xom

and will in part appear hereinafter.
In azcerdance with one embodimant of lhu v x.nhon,
an interrogator unit, also called the interrogator, is

mouried upon a moving vehicle whose locat.on is to b3

determined at fixed intervals.- The interiogator has a_
transmit channel which originates an Tadiacs a radio
frequency carrier signal hmrm “a@ plurality of audio fre-
quani“'moduhtmg signals. n‘odu,atcd thereon. A num-
Ber 0. response blocks, also referred to as responders,
may be locuted at various intervels zlong a railroad track
or réad‘:cd over which the vehicle passes. In the case
of railroad tracks, thé preferred position of each re-
sponder’is the top or inside of 2 sclected track tie.

The location of and the distancs between individual re-. -

sponse blocks is lergely a matter of choice determined by
what. par icular points identification of location of. the
vehicle is made. As will be explained beldw, the. num-
ber of response blocks which may b2 utilized throughout
an entire railroad network are limited, at least to some
extent. by the number of dizits of the dmtal code used.
As Will become clearer from. the detailed description of
this invention; cach of the audio frequency modulating
signals ‘provides -one dmt of a dl"nally coded” 1dentxﬁca—
tion number, -

As stated ‘above, the respﬂctwe posmon of the ‘intér-.
rogator and re«ponders may bz exchanged so that the

interrogator unit js_fixed and each of the moving ve-

hr‘les carries a response block, Such an arrangement is
preferred when goods are moved by convever or the like

over or past the interrogator, ar when freight cars are to

be classified upon entering or leaving & switchyard.

. \When the mtclro"ator is Jocated near or directly above .

a respoase block, the pick-up coil of the rcspondcr re-
‘ceives the audlo modulated inferrogator 'carrier, and .

‘demodulates the same io provme a responsc-ac!uatmg .

signal thercfrom. This response- actuatmg signal may:
comprise a direct current power, component “attributable

" to the rectification of the raidno freqnency carrier and a

8

of digits simultaneously utilizing a smphﬁed response -

block

It is a further object of my invention te provide an im-
proved signalling system wherein a simplified interroga-
tor unit interrogaies a response block with a burst of
modulaied radio frequency energy of a single frequency

. and wherein the response block responds thereto with a
_burst of radie frequency energy of a sirgle frequl_m.v in
which the <ig «al provided by the re:ponse block is capable
of uniquely xdem.fymg one of a large number of response
blocks,

Tt is a further cbject of oy ins 'ennon te provide an im-
praved sizna'liag system for interrogating a plurality of
digits simultar zausly whercin both the transmit’coils and
lhe p.ck-up coils may be sharply ttned so as to allow
greater sensi itiviiy' and accuracy.

It is still a further object of my investion to provide

60

compdosite audio frequency signal compmcm attributable
to the individual audio frequcncy interrogator signals
which modulﬂted the carrier. The response- actuating
signal is applied to a responder coding means which
passes or suppresies selected ones of the modu}almg sig-

nals. The outpat signal of the coding means provides a
dipitally coded response- acwatmg sxgnal by virtue ¢? the
selected modulating signals semzining on the ouirut sig-
nal. Ecch different responder is codud so that it passes or
suppresses different ones of the modulating smna]s, so
that the digital coding of each output response-actuating
signal identifies a particular responder.

The digitally coded response-uctuating signal is then
utilized to power a 1esponse oscillator ‘Nthl‘ provides a
further 1adio frequency carsier having modulated there-
on those of the audio frequency n‘odulatmg signals passcd
by the coding means. The coded response-aciuati ng sic-
nal is the sole power required to operale the response
oscillator, so that no batteries or wired power sources
are .pecessary.

The coded carrier radiated by the response oscillator

couples eleciromagnetically to and is detected by a re--

ceive channel, which may be part of cr physically located
with the interregator. In some applicats ons, it may be

- considered advantageous to rectify the carrier to provide

a vellage for automatic gain control of the transniit chaii-.
nel. The signal received and detected by the receive
channel is applied to an audio frequency discriminator
device which has a separate suiput channel for each audio
frequency modulating signal provided in (e interrogaior

“tan xmpro\ed signalling system utilizing a s:mplﬁ d re- 75 transmxt cbannel each discriminator output channel be-
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ire selectively responsive to a respective
" one of the audio frequepcy interrogztor siznals.
decoded audio signal, v.hich i3 a misture of selected audio
frequency interregator siznals. is thereby pnscrambled

- - er scparated into individual audio frequency interrogatcr

sicnals. and after suftable rectification. an cutput voltage
appears en each channel associated with a selected audo
frequency inierrogator signal. - The preschice of absence
of an output voltage on a charnel may be indicated upon
a code register as either 2 “one” or a “zero” for pro-
viding a digitally ceded number which determines unique-
Jy thz purticular response tlock being interrogated.
The digital code set into the code regisier may te trans-
mitted to a central agency by any of the many, well-
known data link sysicms. Since the central agency in
a railroad signailing sysiem of the kind here. deseribed
wsually desires information from a larze numter of rail-
road trains, and since it might be uncconamical 1o pro-
vide separate data link receivers for cach inierrcgator, it
ofien will be convenient 0 add an identification register
to the code Tegister. An identificaiicn repister may be
provided with each interrogator, so that signals which
jdentify the interrogator arc sent to the central agency to
specify which interrcgutor is “reporting” to. the ccrftr_al
agéncy. This additida increases the number of digits
which must be transmitted by the data link system by
the number of digits necessary to identify a pariicular
jnterrogator unit.  The acditional regisier, however, does
*pot complicate the interrogator, since it is not a part of
the inierrogator, and only comes into operation in con-
“péction with-a data link’ sysiem.. c
" For a fuller understanding of the nafure and ohjects of

" the invention reference should b2 had to the followinz

detailed descripiion

panying drawings, in which: : . )
"FIG. 1 is a schematic electrical block- diagram illus-

trating onc embodiment of the signalling system of "this
intion as it might be used in connection with a rail-

taken in connection with the accom-

jnvention as )
fuad data iransmission systems

FIGS. 2a, Jc, 2e and 2g each are electrical schematic
diagrams of several embodiments of coded passive re-
sponders which may be utilized with the signallir.g system
of this invéntion; - S .

FIGS. 2b, 2d, 2f, 2l are binary code diangrams of the
several responder embodiments of FiGS. 2a, 2¢, 2¢ and
2¢ and are inciuded to aid in the explanation of the
coding techniques utilized in the resporders, and-

FIG. 3 is a graphical illustration useful in understand-
ing ‘he operation of the automatic gain control feature
of this invention. ) i

“The niovel features whizh are believed to be character-
jstic of the invention, bath as to its organization and
method of cperation, together with further objects and
sdvantages therecf, will be better undesstood from the
following description considered in connection with the
accompanving drawinzs in which several embodiments of
the inveauon are illustrated by way of example. [t is
to be cxpressly understood, however, that the draw-
ings for the purpose¢ of iliustraticn and description
only aad are not intended as a defirition of the limits of
my invention. :

Referring now to the drawings, ‘and particulerly 1o
FIG. 1 tacrcof, there is shown an embodirient of a
complete sigralling system in accordance with this in-
vention comprising an interragator 1¢3 for providing a
modulated interrogation carrier ond for decading a re-
ceived medutated response carrier, 2 response bleck 162
for providing the modulated response canier upon re-
ceipt of the modulated interrogation carrier, and a data
link systzm 104 which may be utilized to transmit infos-
mation obtained from dacoding the modulated response
carrier 1o some caniral information-gatiering center.
As will be obvicus frem the deteiled description

* below, the data Yk svstem 104 is optional und.is here

-
ard
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inzluded to illusitate 2 comgleté signalling system where
- .data may be transmitted, if so dasired, -frcm -an interro-

gator 10 a remotely located center. o
The term carrier or carrier signal as used in this appli-
cation is intended to miean any wave suitabie for being
modylated to transmit modulating signals.  The term
moodulating signal as used in this specificction is any wave’
=uitable to modulate a carrier. It is also comimon prac-
tice in the art to refer loosely to the modulated and the
modulating waves as radio-frequency and audio-frequen-
¢y sigaals to distinguish beiween tneir relative freguencics.
Such ierminclogy has bezn adopied ir the remainder of
this specificaticn, it being undersicod, however, that
sudio-frequency is uscd hercin in its widest sense and does
not confine the range of the modulating signals to the
auditle range. . T
- The portion of the interrogator 160 wkich provides
{ke uncodsd interrogation carrier is also referred to .as
the interrogator transmit channel, and may include a plu-
rality of audio frequency or modulating signal oscil-
lators, only three of which are shown and respectively
desiznated by reference churacters 116, 111, and 112,
Fach audio frequency signal oscillator develops a signal
of a different fraoucncy as shown by the designations
fir f2 and fp.  As will become evident from the descrip-
tion below, the actual number p of audio frequency oscil-
lators utilized depends on the number of responders to
be interrogated. Each of audic frequency signal oscil-
lators 130, 111 and 112 may provide a sinusoidal cutput
voltage to be referred o as an audio frequency inierro-
gator signal or just interrcgator signal. An audijo-inter-
rogzator signal attenuator may be associated with cach

audio frequency oscillator. The plurality of aitenuustors

- 40

50
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are designated respectively by reference characters 114,
113 and 116. The individual mterregator signals ap-

pearing at the outputs of atienuators 114, 115 and 116

may be intermixed in a conveniional audio signal mixer
117 to provide a composite audio interrogator signal
which is medutated upon a radio frequency carrier such
as may be generated by radio frequency oscillator i13
by modulation means such as a conventional modulator
119, 5 > a4 ;
The output signal from modulator 119 comprises an
audio-modulated carrier, which may be applied to a
variable gain device such as attenwator 129, controlled
by an automatic gain control signul (also referred 1o as an
A.G.C. signal) appeering on lead 121. The purpose of

‘providing automatic gain control and- the method of

developing the A.G.C. signal will be explained below in,
connection with FIG. 3.
The output signal from attenuator 120 may be suit-

ably amplified. if desired, by ap amplifying means such -

as power amplifier 122 and utilized to excite interrogator
trunsmit coil 123 with the carrier modulated by the com-
posite audio interrogator signal. Each of the individual
compenents of the transmit chanunel are in themselves
known to those skilled in the art and thercfore need
not be further elaborated on. :
Altenuators 113, 115 and 116 provide individual in-
terrogator signal amplitude control to conipensate for
frequency sensitive’ components in the signalling system.
so that all interrogator signals ultimately received muy
have approximately the same signal streugth. The com-
bination of sudio frequency signal oscillators 110, 1ii
ad 112, attcnuators 114, 215 and 116, miyer 117, mod-
ulator 119, radio frequency osciilatos 118, gain davic: -
120, amplifier means 122 and transmit ‘coi!.123 g_h_eré-

fore provides an interrogator -transmit ‘means for gen- -

erating ond radiating a radio frequency carrier having 2
plurakity of interrogetor signals modulated therecon.
Resporder pick-up ccil 125 may be a tuned circuit
resonant at the radio frequency of the carries applicd
to interrogator transmit coil 123, and thercfure coil 125,
-when. tuned to the frequency of the interrogator carricr,

Approved For Release 2009/04/10 : CIA-RDP81-001 20R0001 00010003-3
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will have a voltage induced in it by the interrogator car-
fier. I this manner responder pick-up ceil 125 com-
[rises a rcspo'xdcr pick-up m2ans or a tuned circuic”
Micars respensive tc the carrier from the imterrogalor
ransmit means which is operative to develop a raspod
sienal.  The response signal frem the pick-up coil muy.
Ba applied 10 a demcduiator 124 which rectifies the re-
ceived radio frequency carrier to derive a responsc-acta-
atfng signal having the composite interrogatdr siznnis

wi-tulsted upon the rectified carrier voliage 10
The response-actuating sigial may be :r'mrcrshd tpIn
‘4 ceding means such a3 ceding network 137, which s
operative in removing or suppressing cerizin ones of tha
plurality of iatcrrogator signals making up the com-
posite interrogator signal. Az will be explained in con- 13
siderable detail in connection with FIGS. Za te 2N,
¢oding petwerk 427 muy comprise 1 combinati of
audio frequency tuned circuits resonant at sclest
terrogator signal frequencies, which permit only sol
ones c" the interrogation sienals to pass then th'nug’w 20

I cther words, coding neiwork 127 compnscs a ccd-
iig mcans responsive to the response-act: wating sigaal
whxch is operative (o suppress prcdr:crmmed onss of the
audio interrogation signals and thereby p-mmf‘s a coded,
resporse-actuatiog signal including (nly ! hose of the 23
interrcgator signals v.hxch arz characteriztic of the
sporider. :

The coded response-actuating smnal may then be'until-
ired 1o power a response oscillaler means, such es oscil-
lator 128, having a mncd circuit resonant at a {requency
different from that of radin frequency oscillator 118,
for providing a radio frequency response carrier havin:
the selected interrogaticn signals modulated thereon. The
response. carrier is impressed upon a responder transmit
coil 129 which may comprize a suitable tused c'ruxit ele-
mient for inducing the modolated responss carri r into
pick-up coil 139 when in close promn.‘y to trensmit coll
129. A more detniled description of responder 131
is offéercd in connsction with I"(" 2 whe‘em T\.S}O ader
transmit coil 129 compriscs the tank circuit of the response
oscitlator 128,

The receive channel of the m’erro"mor it 1"’.) pro-
'H‘.kd with interrogator pick-up means, such as coil 12 0,
) is rc<p0nswe to the clectromagnstic cneray ccmp]el from

the respornder traasmit coil 129 and cperative to daveiop
an interrogator receive signal. Such colls are well-known
in the urt and may comprise a parallel-résonant indoct-
“ance-capacitance circuit. The bandwidih of the parallel-
resain 1t circuit 50 com, rised must be adeguate to pass
_the side bands present in the ‘energy ccupzed from coi!
129; howcvcr this tuning can be made sharp enough io
provide, in coenjunction with filter 131, a desirable sigral-
fo-noise ratio. To prevent any ci the ¢! Uror*"" stie
energy ccup'cd from transmit cail 122 to pick-up call
TX0 from entering the receive chinnel, fitter 131 may be
inserted -betwtT Pick-up - col 154 ‘md “Teceiver 132
Filter 131 may be & Band-pass fiter centered abaut the”
responsc ¢scillator carrier feqaﬂrcy For example, il
thc inteirogator carrier fxeqne"lcy is 120 Lxlmwc.:s =
second and the response carrier frequency is RC Kilacycles ¢y
per second. a band pess filter which passes a freqiency
band from 65 (o 95 kilocycles per sicond would admiz-
.ably serve the purpose. .

Reoceiver 132 may include an amplifying stase znd a

demedulator to amplify and amiplitude d-moedulite ihe
-modulated response carrier to derive tnr'r f!om a com-
_posite interrogator sigual including the selected plurality
_of audio interrogator signals. Receiver lo’ muy also be
utilized to derive a control signal shown appearing on
“lead 138 which may comprise the rectificd comporent of
the response carricr.  The utilizatica of the contral sie-
" nal for A.G.C. purposes wiil be discussed in~ceteil below
in connection with the avtomatic gain coatro-.iicuit. In |
this manner pick- -up coil 130 and recciver 132 ; provide an-
xm..rro"ator receive moans whxcu is Opi‘fall\e lc facav

ic-
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caudio frequency filer

i ﬁge hcw

.h- r.od xhh.J e
ich is ol
:-.L."‘nnu: gain conlro]

isterrogator sizaal in
sudio froguency 1. “r."‘n.-. sieacls.
The compos al ¢
r ES RSO He b i or
interrogator siganis {, d pl':rxl’w o7 nrrey

of filiers as such is

dent ohat for-each audio f:
119, there must b2 o co LEDE ')u 1l
<0 .hnt p filiers reqitized oltog :
uon shown for each filior indicates z’-e cent
i pa3s band.
E‘C'x filter of the discrimInater may be of a conv

A
afe

€~
tionul desizn and m.y co aprise either a parailel-tunced

. 0'-c,p citor netwerk.  In certiin
instances it moy be desireb'e to utilize an active filter of
the well known type comprised of a fzed-back ampiificr
waving a frcc'uLmy depend ﬂn' natwork i fts feed back
path.  Switable frequency dependoni notworks may be
unid in dmrtcr 10 of Vucm'm Tutz Amzlifiers,” vol.
12 of {he Radiation Lehoratory Szries, pubiished by Me-
Graw-Hiil Boox Ceripuay, Ioe, 1943, Each of the
tunad circuits is resonant ot a different onz of the inter-
rogator signals. and opsrative to pass only the inter-
rogator signel at ihe resonant firequincy of the tuned
circuit.  Each filter muy iacinde a rectifving stoge hav-
ing a diode to derive a-divest current voltage as th:
coded output voltage.. :

O* course, if codirg neiwork 127 hos suppressed a par-
ticulur sudio interronator siznal, this D"ru....lnr igna is-
ot presented as part of the compasite audio sigael re-
ceived by pick-up ceil 133 and conrequently, the filier
associated with that purticolar sur‘grcs:gd al do fre-
gueasy does not p*oud* coooutput voltnge, Thus it will
¢ soen that the presence ar r absence of ,._E ven audio fre-

a1 1‘1::6\ in the signal
may be indiceted by a
of an output veltame from
civen audio frequencics, providin
to the p"rtxc.'l"" respondes be

Thercfore. the p.nr..h., of filter 12 ‘, 3£ and 135 pic-
vids on audio frequency discriminaling and deiesting
meons responsive to the composite audio freguency i
terrogator sizn-l ond opaiative to provide an culput v_ol;-
age signal for cach audio freqioncy sizaal which has been
transmitted to the responder, paszad through the respond-
er coding nctwork ard re-tran:miited back to the inter:
Togator receiver.

It should mow be clear that ‘h~ rumber of ¢
ciil,‘tors. such as .h" ons u:s nated by reforence

i any given responder
q2¢ or abscr,cc
issociated with the
il coding vnigne
interrogated.

[¢
-
a%e
iH

reseived
corrzs
i

audio os-
chor-"

Jny cedina natworks (md
can be un

1:.'.1;' nsgor.d-:r S5

iguely identifizd.
"or exqmplc, if throe ine

are
:hc
ary

¢hrbinations.,
te umc,l.c]y 1dcmm\d.
cillators, 16 rosponse blocks n'r.:.' “_
well known, if the r:'r.’u:r of r
identificd is X. the number 2 of

‘&\' u four iatas

'qu:‘. frequency

roantor ceciliators netoss o r‘r,;v,ds

identification is gziven by ths L\p essicn X520 where p

is, of course, an intiger. i 8L :.:.t;* se ‘a;onq are to
i s .

(]
]

be un?quc!_

: arloa siznal! os-
cillators mie re

d ‘.t'd'o fre-

at
1eeu bc:", 2gn

two or meTe fids ‘. lac 12 by side to provide
a sincle composi ’

Tre culput \'\. dders und detze-
tors 134, 133 a.'j.x wde, they moy- be
.pphcd dlrcci‘.,' 123 r 1z 9 of -
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.code register 140, Obviously, the number of stages re-
Cguired for the regisier is the same as the number of
interrczater sigaal audio o iators. each stage beiag as-
soslated with a &ferent izturrogotor audio sigral. -Each
“etoge of the register may be set by the ocuurrence of an
- ouipat-voilage fram a particular filter, ¢r, aliernciively.
each sl may be set by ihz abscnze ef an ouipul voit-
“zze, if desirgds L - e :
It paos beew feund that the relinbiiity of the receive
Frnnel of interrogntor-158 caa be imrroved by apply-
the ouipus voitagss from detcctors 12340 135 and 136
o ke inpat ciicuits ¢f a plurality of assosinted diiference
cpaplificrs 142,143, and 144 instead of directly to reglster
35 in this manmer, the output vciiages may be com-
parcd with a refereace ‘voliage from o sourc: 135 o
rr ke certain that the output voliages have a sufficient
magnitde to have originated from 27 interroation sig-
ral puased by eoding netwerk 127 instzud of teing nodse
or st.ay pick-up. Unless the magnitude of thy cuiput
voliage from a given filter js above a predeiermined level
indicoiing the preseace of a sufficiently strong intarrega-
tisn sizaal, its asscciated difference amplifier will provide

a0 Jiffsrence output voltage, and. the digits of register
143 wiil not k2 sct crroneausly by nelse or siray pick-up

sigaals. Refercnce veltage source 143 may irclede an
adjustinent mecans, such as a potcniionacier, to provide
an udjustable reference voltage. The combination of the
assozintel difference a aplifiers 142, 143 and 144 and the
refarence va'tage source 143 thereby provides a compnr-
jnz means responsive to each of the output voltages
from the detecivis for comparing the output veltage with
a reference voitace and for deriving a difference signal
1o be epplied 1o register 140, : ’ .
Aftenuators 114, 115 and 116 may be utilized to in-
dividually control the amplitudes of the audio fregnency
interroontion signals so - that the individnal output volt-
azes from the deteciors 134, 135 and 134 may "o set
at a predetermined level with respect to the reference
voltnpe, Some of the components placed between inter-
rocator sianal oscillators 110, 111 and 112 and filiers 134,
135 and 136 of the discriminator are frequency sensitive
ard adenuate the interrozation signals as a function of
thair respective frequencies, Attenuators 114. 115 and
135 are primarily utilized to comrensate for such fre-
guency dependence and to provide an cutput voltage of
rredetermined magnitude regasdless of frequency for com-
parison with the reference voltage {from source 145..
Since interrogator 100 and responder 162 often move
relative to each other, the coupling between interrogator
transmit coil 123 and responder pick-up coil 125 increases,
from a smell value during the approach, to a maiimum
wher the relative distance therebetween is a minimum, and
thereafter decreases azain as the {wo objects move apart
in the opposite direction. If the energy provided by
tranémit coils 123 and 129 remains,constant, the power
Yevel of the sional induced into pick-up coil 130 is de-
yicted by curve “a.” FIG. 3. Curve 4" is a plot of rela-
tive power level received by pick-up coil 130 versus dis-
tance hetween interrogator 100 and responder 102. By
“providing automatic gain control, the power applied to
interrogator power amplifier 122 may be controlled so
- that the input to pick-up coil 130 remains nzarly constant
during the time interrogator 109 and rasponder’ 142 are
in close proximity. Curve “b," FI1G. 3, depicts the power
induced into pick-up coil 139 when automatic grin con-
trol is provided.” — 77 v - . : ‘
The advantazes attendant with automatic zain control

o

1

=]
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fiat posticn, preverting any output vohages exzept during -~
-the time when automutic g

aia control is operative, and
henee insusing that the regisior will not be set except dur-
inz conditions of ndequate sicnal strength, : ;
Automatic gain conirol may be obinined from the rec-
tificd response carrier voltoge on lead 138, which is com-
sensurate with the power input 10 recciver 132, Since
the voltace on lead 138 is amplitude-modulated with the

-composite interregaior signals rassed by the coding net-

work of the responder, audio filter 159 may be emzioyed

- to eliminate this composite interrozaior signal. Filter 130

15

[
“t

50
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may toke the form of a simpie R-C filter to suppress all

interrogator signals, but should have a time constant which

cceps the AGC locp giin Jess than unity beyond the 180°
phase shift peint. so that a stable loop is assured. i
Tte output volizge from filter 150 may be impressed
upon a diferchce amplifier 151 and compared with a
sclected veference voltage frain an adjustable voltage
source 152,
voltage from filter 156, no sicnal appears on lead 121,
and voriable gain device 120 inserts minimum aticnua-
tion between modulator 119 and amplifier 122, When the
rectified and filtercd response carrier voltane from filter
159 exccods the reference voltage. a control signal is
obtiined which increases the attentation of variable gain
device 129, directly comtroiling the intensity of both the
modulated carrier applied to interrogator transmit coil
123 ‘und inairectly controlling the intgn=ity of the medu-
lated carrier applied to responder transmit coil 129, Vari-
able gair device 120 may comprise a voltage-controlled
variable gain amphfier rather than zn attenuator, as wi'l
be apparent to those skilled in the art. ' ]
The combination of difference amplifier 151, filter 150
and source 152 thereby provide a further comparing
means respossive 10 the rectified response carrier voltoge
for comparing the rectified response carrier with a refer-
ence voltage to derive Ln automaiic gain control signal.
As is ewsily seen, the level of the reference voltage deter-
mines the time of automatic gain control operation ard
therefore, the time of interrogation. The lower the ref-
evence voltage level, the lenger will be the interval in
which interrogator 108 and any given responder 102 will

. cooperate to provide tigrals to be recorded in code regis-

ter 140.

As previously mentioned, *he output voltages from dif-
ference amplificrs 142, 143 and 144 set register 140 by
recording the selected interrogation signals passed by
coding network 127 of the responder. It is thercfore
necessary that the register be “clear” prior to setting its
digital stages. In other words, when interrogator 100
and responder 162 approach one another, no record of
a previously recorded digital number should be in the
register. For this purpose, an electrizal clearing pulse is
applicd To each of the stages of register 150 via buss 169,
This clearing pulse may be obtained from the output of
a reset means such as monostzble multivibrator 161 fired
either by the AGC conirol signal on iead 121 or anothet
contiol voltaze derived from the response carrier. As
shown, the difference signal from amplifier 151 may be
utilized to fire monostable multivibrater 161 which clears
code register 140 and thereby prepares ii for receiving a
new set of digits. The clearing of the code regivter 140
may take plzce when the automatiz gain control bacomes
operative. which coriesponds to the time at which inter-

gy-Fogator 160 and respendzr 162 are coming into the de-

should now become appareni. The receiver cdn be fully

utilized without fear of saturation, which otherwise might

clip or distort the reccived modulated response carriar..

Furthermore, the output voltz ge from arvdio detectors 134,
125 and 135§ remains constant during the tifhe which eor-
_responds ta the flat portion of curve b, FIG. 3. In ihis
rmanngr, the reference voltage from scurce 145 may be
s2t just & Jitile Lelow the level which corresponds to taat

sired proximity for identification. Mvlivibrater 161
therefore provides a code register cleuring means, respon-
sive 102 voltage derived from the rectificd response car-
rier sicnal and operative to provide a clearing pulsc for
resetting the cade register, , . ;

In addition to clearing register 149, the pulse from the
meneostable muwstivibrator 151 may wlso be atiliza:d to op-

*erate an anzlog audio frequency gate circuit 133 by open-

73

ing the gate for the time interval Juring which the auto-
metic guin control circuit-is in-operation. Gate 112 may
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r rinte of conduction during the teceipt
cf a pulse of 'c\Lle mined polurity and Jurition. Gate
132 wiil addiionally improve relinbility ¢f tae sign: "mg
systam by open ing the sonduciion pll] beivaen receiver
132 und register 140 only during the r..m, interval when
interrogator 160 ¢ nd rcmmld r 102 are in ¢lose provuniiy,
In ihis manner, co\ ¢ rexister 140 is onby 0 when the
signul-to-nojse ratio is a maximum.’ :
Tn the interrozuter descrilicd herent eve. differznze ame
phiier 151 s wtilizsd to previde avlomutic g nooor
and 1o fire multivivrator 161 It is. to ee undersicod
howe.er, that such dm.l fnr‘ hox (\r!"*\mxnn‘nt has boen
r"»-..tcu iy to reiain simplicd t' "nj clariiy in the de-
scripiion of mn invention and ha scparat ampliiers or
separaie triceer signal seurees may be employed. Like-
wicd, the output siznal from m .In\mm'”r 161 is suitable
to simultancously [‘ro\u tha cloaring nulse to rezister
46 and the sating pulse to gate 0 133, As will'be obvious
10 those shilied in e art, there may be ‘certain fdven-
tages in wilizing szparate multivibrators r perhaps other
tinds of trigzeer circuits to provide the destred control
signals

“The description of FIG, I hercinabove has beea eX-
planatory of one embodiment of the signalling system of
this invention whereby u digitul code is set into cod:
register 140 when interrogator 100 wnd resperder 102
piss cach other. When interrogetor 169 of tis inven-
tioa is mounted upon a railroad veaiele and responder
102 is fixed upon the tracks of the railroad network, the
vesfuiness and versutility of the appuratus of this inven-
tion con be extended by providing a data link from mov-
ing interrogator 160 to some centrally focated ngeney so
that ihe agency may be apprised at z 11l times of lm, loca-
tioa of the railioad vc‘ﬁulc, ‘

Any one of miny well-known data link s)stuns may be
employcd for this purpose. Thv simpiified dala liak sys-
tem 164, illustrated 'in FIG. 1, is merely one exemplury
way of transmitiing the digital code st into code register
140 10 a ceatrally loeated duta iink receiver 170, Each

of the stages 137, 13% and 139 of code register £+ 10 is
connecicd to an 'ISSOLlulud coinsidence or ™ \nd cirsuit
171, 172 or 173. When a stage has a “one” sct iato u
a voliage represe entative of the “one™ wiil appzar on the
lead conue..tmg 11 to its associated coincidence circuit.
When a “zero” is set into the stage, ie. the stage bas
not been sct, no veltare will appear on the lead to the
nssociated coincidence circuit.

A free-running commutator or ring counter 175 pro-
viding a plurality of scquential output puk s has cach

_of its output. leads coup]ud 1o an input line of 2 different
one of cotncidence tircuits 471, 172 and 173, The inter-

_connection between commutator 17a ur\! tie plurality of
coincidence circuits 171, 172 and 173 is made in such u
manner that euch of thx._comcxu;nw circuits, having the
same order as the Tinterconacted stages, receive an out-
put pulse in that sequence.  Since a coiacideiace circuit
provides an oulput voitage only if both of its input feuds
simultancously receive input voltages, and since the out-
put leads of d“ coincidenes -circuits ars connected to an
“ar” circuit 17o, the ou.put of “or” circuit 176 \ml
bea sequence of pulses for cuch of those stuges 137,
and 139 into which a “one” is set. IE 1l stagas in com.
regisier 149 are sct, the output of “or” circuit 176 takes
the form of a number ‘of equally spaccd recossive pulses.
ror 2ch of the stages which are set with “ze70,” no pulse

appears.
The output pulses from “or’ c1r:u1t £76 may be utilized

to modulzte a ditz link currier fromm radio freauency -
.
70

osgiliztor 177 with the aid of a mo-alitor 178, Tulse
recdulation of a radlo frequency carrier is w2ll-krnown
t> those skilled in the art,and there fore need moi be
el:borated upen. The wlsed orocodad, deia tink o ricr
Jrom modulator 178 mey be impr essed upen the di

m::'.er..,a 179 Ihrou“h t]n tmnsmbsxon actuator S
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I'"d] ation oi' the \.Ciu. ;Ux ace’
missicn actuator 180 muy com
which is nermally open. ie., noa'zoeadu
beromsas conductive when d, cudirel voltage
thercio.  The control voltoge :&xrn:J to ;.Lm".
le;d 121 may be supplied by lr..' synshr
162 kayed By cormuitiior 1"' Thap n,-o-
nization uait 122 is 10 provide :
start of a SO e, i.e. ., 10 SY.... t I
frecucney carrier Whea comubutilor 375 app
1o the "and” Sonit asociided with ths hr:l st
rezister 130, There we, of course, 1Y ¢
kaow to those skiifed-in thear ef pr o-»i.i~n: n
to arh the “brginming of the co: rmm.:uo’l
Hich may be 5ubslm..cJ for the exeny -JY\
scribed.
It is somen.uus dcﬂ .‘..t [ to remn:‘i

when code register 143 has beén set. This muy
o plizhzd by a fun‘wr controt signal applicd via jend

%4 to transmission actuator i8Y. - lhe furlhier contiol
w-“.al may be teken drutly froma monostuble muliivi-
brutor §61 whizh, as oxpluined above, muay providz o
pulse of wny desired duration when fred. A \..1..) ret-
work, not shown, may be incorparuted into actuater 189
in comnection with r;':t fzad 134 1o start traasmiixion
at-a time when ll digiis have been set into code register
i49.

itis dmr d to reccive coded informition "r« m more
than one teriogator with tlu, some data link enteana
185 and data link receiver 170, wn 1denl“1c:t|un regisier
140 may be added to code register 149 {o provide a
binary numt 2r ch aracteristic of a particular interrogaior,
Thz numb { digits in jdemifcution rogister 150 de-
pends on x'u nurmc~ of intcrrogaiors 1o be cmployed.
For cxumple, if 30 interrogators are 1o be in service, the
miaimum aumber of binary dn,g. 1s necessiry for identifie:
tion system 199 would be six, as is well knoewn,  Ecoch
digit of identification rezister 140 ic connectad to an asso-
cinted coincidence o “and” circvit 921 in the some wuy
as described in connection with tie binary digiis of cede
register 140, Only onz “and™ circuit 3191 has boen shown
to retain simplicity of the tiock diagram of FiG. 1, Lut
it wili be obvious to those skilled in the urt, that each
birary digit requires its own assoclated “und” circuit.
Similarly, cach “and” circuit has its iaput lead coupled
to commutator 175 for becoming part of the seguestial
coding in the same manncr as “aad” clicuits 171, 172 and
173, Whether the comtrol signal on load 131 sturts the
sequence with the stages of code rogi
tion registar $58 is purely & mztier of choice.

As described above, responder 102 of FIG. 1 receives
a radio frequency carrier having a composite inlerrogstor
signal modulated thercon. This composite signal is a
mixture of all the inierrogation signals derived {rom the
plurality of audio frcq.mcy oscillator 110, 111 and 112.
Responder 102 utilizes this reccived carrier to provide
a radio frequency respense carrier having a further com-
posite interrogator signal meduleted thercon.  The fur-
ther composite inierrsgator signal is a mixture of those
of the interrogation signals whicl are passed by the coding
In other words, the
responder is a means responsive ¢ a cadio frequency in-
terrogator carrier having a plurality of audio frequency
interrogator signals modulated therean wHih is operable

to derive a radio frcq.zt:n\_y response carrier having onlv.
sclected ones of said piurality of audis frequency inter--.

rogators modulated thereon, e )
Referring now to FiC. 2a, there is-shown one illus-

trative embodiment of a responder constructed in acocord-’

ance with this invention. A tuned circuit 210, compris-
ing an inductor 211 and a capacitar 212 may, if de-
sired. be utilized as responder pick-up coil 125, FIG, '
The impcc’ance values r.n‘ the indugtor 211 and copaciior

v

'212: are sel cicd ‘that r.:r"u.. 2:0 xs reaon‘m ac the fre-

: e

. . ’
- v
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7+ ¢ ien thhereof.

quency of the interrogzater cartier. . Of courss;
igransfer of energy s primagily by radintion, &
quency aniennd Ay Te coopled to tenes cirsuit 243
1n this manger, tuned cirewlt 240 or a comiti ton of &
tuned. cirenit and an zntenna provides a responder picks
up means. for recciving ine ~maodulaied  interrogator
carrier. g : o o :
- A rectifier, such os diode
radio {rcquency infirrogatar . smeohing ca-
paciter 214 provides carrier filtering of zmaathing action.
Tt is. of cousz, Recessary to select the i ce of ca-
.pacitor 214 so that oaly the in cairier is
smoothed and so that none of i
ulating siznals are appreciably o
obvious that smeothing capacitor
by any of the many well-kpown fi

, reciifies the modulated

10T

ey
.0

It is, of course,

~junction witiv rectifier 213, pro ides a dera

tors which, in con-
sdulated BF
voltnge. The combination of diede 273 and eapaciior 2U1
corresponds to ampiitude demodulater 124 of FiIG. L.
The signal appearing across terminals A and B, which sig-
nal has been referred te as the resronss-actuating signal,
is-made up of a rectified interrozator carrier component
and the composite audio interrogator siznals including
all of the audio {reguencics (1, for o v o D) modalated
on the carrier transmitied to the resronder- from 2
interrogator transmit chamnel.  The combinatien of
reclifier 213 and capacitor 214 thercfore provides a
résponder demodulation meuns responsive to the modu-
lated interrogator carrier signal which is oparative to am-
plitude-demodulate the carrier sighal to derive a response:
actuating signal.
Coupled across terminals A and B is a coding network
. 220 which corresponds to coding potwork 127 shown in
FiG. 1. Coding network 228 comprises a selecizd num-
_ber of tuned circuits, resonant ot those of the icrrega-
tion signal frequencies which are 1o te suppressed, Each
of the tuncd rircuits is designate
s, fs. f2o fa und fo to designate its res.. clive- resenance
frequency and may comprise a parallel-resentud induc-
ance-capacitance nelwork. Tuned circuit fy is resonant
at the interragator signal having the audia frequeney fi.
A« réscaance this circuit presents substaniially infinite
impécance, which prevents interrogater signal fy from
_ appearing across coding neiwork output terminais C and
" D. Similarly, the interrogaior sierals f;, /5. fs and fo are
likewise prevented by tuned circuits f5. fo. fg and fy 1€~
spestively from appraring across icrminals C and
Fcr effective operation of the coding retwork. the in-
divicual tunzd circuits should have a high Q so that noine
but predetermined intsrrogation signals are atteruated.
The groater the desired number of dizits in the digital
code, the greater will be the number of cudio in-
‘terrczator signals required and the smalier wiil be the
allowable frcquency saparation botwesn two frequency
adjacent signals, since the available audio frequency band
is iinited; Conszquertly, the Q's of th: tuned circLits
fou fo f1s-fa 2nd fo detarmine, at léast to seraz eXtend, the
number of digits which may be empioycd, The audlo
frequency band or rechyvm av iukle depends on e low
-equency end, and on the avallnbility of 2 tun.d circuit
sich as circeit f; which can be made rosorant at fre-
¢uency f;. For all practical purpesas. freguenass
100 cyeles per second should be avoid~d. On the
“requency end, the limit is jmrosed by corderscr 214
‘.J/)‘iich smoothss out the inter ezlion carrier. For ex-
‘ample, if the interrogator surrier foequency is 120 kilo-
‘gveles per secoud, interro ator signels above appro¥i-
/o rely 30 kilocycles should be aveided to prevent reciifi-
A typical selection cf, 10 inierrogator
£requendies, none of which is harmonic iy related to b
atkers, 'n kilocycles por sccoad is s {ollows: 2.1,
3.1, 3.7, 4.3, ’

55, 6.6, 7.7, 8.8, 4.6,
© Ceding network 229,7as desa

ibed :

erroguter mad-

1 by a reference character

bove, is thersfore
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TeGULRTE rognior signauls which
: led response-aciunting sinal

o frequeney interrogalor
cniauely, .
grminals C and

thg plarality of zudio
is eprraiive o

mals 1

doptifs

The ¢

esponse-aciu Q

sponse oscillator 239,

ed cirguit comprising

The impzdonce values

re selectod to provide

desired freguency of the radio frequency
T elesirode i

The coutccior

f ithe paral

A porellzl combin
i T

the transizior cne cutput terminal of inducter
376. The romzining ouiput terminal is connected to tar--
minal C. Terminal D 2 i the emiiter electrode
of the tra 33. The circuit hereabove described
is a transisiorized version of 2 conventional tuned plate
type coviilater and. is merely exemplary., The coded
1t saring betweea lerminals C
rent compornent due 10 crr-
o hosz audio conmponents
of the original carrier whic not fiitered out ty-the
wned circuits of coding netwek 220. This composite
signal ‘is. zpplisd, as shown, beth to furnish power to
transistor esciliator 23% and to modulate the carrier pro-
vided by oszilintor 239, The composite signal is applied
illator tank cirauit (coil 231 and capaci-
across the transistor collector-emitter
cireuit, causing transistor current flow. The current vari-
ations in cail 231 of the tank circuit are coupled to in-
ductor 236. which is coanectzd via an RC network (234,
235) to the transistor base cicctrode, thereby providing
the positive feedback nccessary 10 sustain oscillation.
The circuit thercfore oscillaies and provides a second car-
rier at the resonant frequency of tank circuit 233, 232.
Inasmuch as the current floving through resistor 234
controls the trensistor and iank circuit and already con-
tains the audio components, the carrier generated by
oscillator 230 will be modulated by these audio compo-
nents. Resisior 234 serves to bias the base clectrede
proparly with respect te the emitter, and capacitor 235
scrves as an RF bypass arourd resistor 234, Numerous
different osciliators may be substituted therefor, as for
example, those shown in <hezpler 14 of “Handtock of
Semiconducior Electronics,” Hunter, ist edizion, 1956,
McGraw-Hili, New York.

1t has been pointed out above that the coded response-
actuating signii may be the scle power input signal to
respoase osciliator 239, Besause the coded rtesponse-
actunting sianal compriscs & companent duc to the recti-
fied radio frequency interrogator carrier and another
component due to the selzci’veiy passed audio {requency
interrogater signais, the radio frequency response carrier
is modulatzd with a composite interrogator sicnal com- -
prising ouly such selectively oassed interrogator sighals.
1f, in 2 p. iculur responder, none of the audio frequency
intcrroziioy signals ds trapss ited by the coding means
and, instea?, all avdio frequencies are to btz supprossed
to idernifv the responder oy -he digitzt code 0500 . ..
040, the aszillator 232 is still required to provide a radio

&

frequsncy response carrier The rectified interrogator
- earvics cosiponent nust always e sufficiently large to set

- §:20. 16 be a coding ‘means resyonsiver o the respoasces '

inting ¢ Approved For Release 2009/04/10 - CIA-RDP81-00120R000100010005.3 25"

osciilror 230 imo cscillatiods.  Also, the degres of
1modulazicn or the modulation factor must not be ss large
a5 10 interfere with th: powering of oscifiv -t 230,

The tuned circuit comprising inductor 234 and capaci
tor 232 may be utilized ¢ tesponder transmit coil 129,
FIG. 1. so that no auxiliiry ‘ransmit coil is required. Of
course, an antenaa may be coupled fo this tunsd circuit
1o pravide the actual radiating

E; P

Jement if so cestred. As



" fa will be

R

- (namely

the 'mo slated | r"-'ontg carrier) is -npplicd' to
“tumed circuit 231 transmit coil 139, .FIG. 1, may bs.
(tuned relatively sharply to provide high gain and a re-
sulting saving m powet.  For the sanie reasen transmit
coil 123 and pick-up ceils 125 znd 130, FIG. 1, may be
‘retatively sharply funcd. N Co
" The combinstioa of escillafor 234, lnC.l'd"‘? he fur cd

_ circuit comprising inductor 231 and capacitor 232, pro-
vides therefor, a responder oscillaior mweans responsive
to the cudad response actuaiing signals which is opera-
tive to ginerale aind radiate a radio fre juency respons
carrie ‘1:.\"-1" s:lechvrly p"‘\.d ‘;1‘r-rro :or .tivr:
modaint

goicr :m'm], m oduh.tcd on the nspon ca
llmCU“T’ reluted to the particular responder containin
the oscillator means,

FIG. 24 dilustrates the dizitel cede uhnc the vesponder .

of FIG. 2a would sct on coile register 1.9, }‘EG
tuned cirenils fy, f., f,, fJ and fy permit iran
thz interrogator sizoals havina fragusncics fi, f

f.]‘ fr

through coding network 220, Therefore, aclf‘r‘lcu ntcr-

rogation signals fy, fu fu fo . . . provide the “ones™ at

the ou‘pu" leads of associated d.x.umc; amplifiers, such-

as those shown in FIG. 1 and designated by reference
numerais 142, 133 and 144, As previously mentioned,
cach respondac is provided with adifferent coding net-
work having a different number or kird or both of audio
tunced resonance circuits {o provim a coded response-
actuating signal having a umque combination of audio
frcquenc'es.

FIGS. 2¢, 2e¢ and 2g¢ show different cmbodiments of
coding reiworks constructed in accordance with this in-
vention which may be substituted for coding network

229. HG 2a. The terminal designation A, B, C, and D
of '"lG. Za is retained to- designate the connecting ter-
minals of the various coding means. The coding mezns
shown in FIG. 2¢ utilizes {wo series-tuned induclivc-

. capacitance cirenits f, and fy resonant respectively at the
gudio frequencies f; and fi. I a response-zctualing
‘signal is impressed upon terminals A and B, the resuli-
ing coded response-aciuating sigaal will not include
" audio frequency 1mc1roc(.tor signzls f; and f; since at
those frcqucncw: the tuned circuits f; and fy are resonant
and effoctiveiy cstablish a short circuit acress the con-
ductors 242 and 241, FIG. 2d eraphically ilfostrates the
dizital code of the coding network of FIG. Zc¢ from

- which interrogator signals f; and f; are eliminated cr sus-

pended.

The coding nctwork illustrated in FIG. 2e utilizes a
combi'm:ion comprising two parallel-tuned inductance-
capscitanca circuits f; and f; seriaily inserted between
tcrn..nals A end C, and two serics-tuned inductance-

p.".cit' nce circuits £y and f; shunted across terminals A
‘.nd B.' The parzllel-iuacd circuils, resonant at the fre-
quencies fy ard f3. will suppress the passage of interro-
cation signals having frequencies f, and f;. - The series-
unc'.l circuits, resonant at the frequencies f; and fs. will
suppress interrogaiion signols having frcqvcncy_f., and
fs. TFIG. 2f illustrates the digital code of the coding net-
“work Hustrated in FIG: 2Ze. The enly interrogater sin-
nals appzaring across terminals C and D are interrogator
signal having frequency fa and of course those having a
freauency higher than f. )
" FIG. Iz illustrates a coding actwork utilizing two
parallel-t. nc.! inductance-capacitance circulis fy and f;
respzctivel; tuned to the frequencies f, and f; of the in-
lerrogation szgan to he transmitted and conagcied in
series aoross tesunnals A and B, Instead of utiieing a
tuned. circuit for eliminating a pacicujar interrogation
signal: the tuned circuits in this emvodiment pass s2lecied
. interrogaiion signals. All.interrogator signals appearing
betwsen A and B except those having frequencies fp and
effectively short circuitzd across the conductors
cting terminals AC and BD. FIG. 4

resp..cu‘ ely conne
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I‘h"'- has been :<c"lb*d a signalling sxstem woer*n'

nleryogator Ia rehalive motion with a p.umlny of re-
spc.. devs ideniifes ench n:\ponux by a-digital code. 'The
entiltcation is accomphsuced Ly interrogating each re.
hlock at the timd of closest approach with a plu.
auvdio frequency signals modulated upon an in-
jon carrier having a \mglc ffequcncy Upon
the interrognilon carrier, any given responder
‘ides-h respounse carrier hiaving'a unique combination
xhc audio frequency it rrogaiion signals modulatéd
thercon. Th“ interropaior picks ep the response carrier,
and by semsing which audio frequencics are present on
and which are absent from the rcsponsc carrier, a digital
represznintion mcnzxf)mu the respond ler from which the
résponce . carrier is being received is produced.

V/hile the specific embodiment disclosed above iilus-
trates a system in which the carrier information frequen-
cies are amplitude-modeiated by the audio code or digit

a
&l

_frequencies, it will te apparent to those skilled in the art

as a ‘result of tbis disclosure that phass or frequency
modulation may be substituted ir parts of the system with-
out depacting from the invention. -

A number of knowa sgireuits are avallable in the prior
art to provide the elements shown in block form in the
drawings, and my abovementioned copending application
discloses a number of exemplury circuits which may be
used. ) .

Wiat I claim as my mvention and desire to secure by
Leiters Patent is: e '

1. A passive respondar unit capable of relative move-
ment with respect to an interrogator apparatus and oper-
able to provide a respoase signal having a coded charac-
tzristic, sald unit comiprising in combination: first means
for receiving a first carrier signal emitted from said inter-
rogator apparatus, said first carrier signal having a plu-
rality cf fixed discrete signals of different frequencies
modulaied thereon; sacon d means coupled to said first
mcans; and response-signal generating third means con-
nected to szid second means and operable to provide a
response carrier signal, said second means being opera-
tive to selectively ¢liminate or pass selected ones of said
discrete signals to said hird means and operative to de-
modulate said first carrier signal to provide the operating
power for suid third means.

2. A responder unit in accordance with the structure
of claim 1 whorein said first means includes a paralfel-
tunad inductdace-capacitance circuit resonant at the fre-
quency of said first carrizr.

3. A resporder accoiding to claim 2 in which said
second means includes a demodulator connected to saia
tuned circuit for demodulating said first carrier signal to
provide a response-actuating signal comprising the recti-
£:d cowlpmcnl of said first carrier signal modulated with

said pluraiity of discrete signals,

4. A responder unit aﬂcordm" to claim 1 vherein said
sccond means comprises a number of tuned circuits each
of which is resonant at a diffcrent one of the frequerc:es
of the suid selecied medulaiing signals.

5. A respoader unit according to claim ! wherein said
second means comprises -a nuruber of tuned circuits each
of which is resenant at a different one of the frequencies
of the non-selected modulating signals.

6. A responder unit 2zcording to claim 4 wherein said
tunad circuits are connected in series with one another
and whercin each of said tuned circuits comprlses a par-
aliel-tuined mduhlanc,-c:p"icnmce network.

7. A rosponder unit accerding to claim 5 wherein said
tunad circuits are conmected in parallel with one an-
other and wherein cach of said tuned circuits comprxces

- series-tunied inductange-capacitance network.

8 A responder urit accerding to claim 5 wherein each -
of said taned cifcuits ase connected in series with one

Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010003-3
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" another and wherein cach of said tuned circuits comprises -
* a parallel-tuned inductance-capacitance neiwork.

" 9. A'responder unit acco-ling to claim 5 wherein some

“of said tuned circuits are connected in series with one

-another and wherein the remaining of said tuned circyits

“are connected in paraliel with one another and wherein

""" Approved For Release 2009/04/10 CIA-RDP81-00120R000100010003-3
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said scries-connceted tuned circuits comprise parallel- .

tuned inductance-capacitance networks and wherein said
parallel-connected tuned circuits comprise a series-tuned

_inductance-capacitance network. . .

10. A coded responder vnit comprising: a first tuned
circuit means for receiving a first recio freauency
carrier correspanding to its resonance frequency hav-
ing a plurality of fixed discrete audio frequency signais

odulated thereon. said first tuned circuit means includ-
ing carrier demodulation means to provide a response-
actuating signal jncluding audio-frequency components in

ccordance with sald audio-frequency signals; coding
means coupled to said first tuned circuit means for sup-
pressing selected ones of said andio-frequcncy signals
frem said response-actuating signal; and a second tuned
circuit means coupled to said coding mesns and Tespon-
sive to the response-actuating signal as modified by said
coding means for generating a second radio frequency
carrier having a freaucacy different frem that of said
first carrier and being modulated by the non-suppressed
audio frequency signals. .

11. A coded responder unit comprising: a tuned cir-
cuit means iucliding a porallel-resonant inductance-
capacitance pick-up coil for receiving. a first radio fie-
quency carrier correspondiag to the resonance-frequency
of said pick-up coil, said first earrier having a plurality of
audio frequency interrogatwr siznals” modulated thereon,
said tuned circuit means providing an amplitude de-
modulated résponse-actuating signal having audio fre-
quenly cciaponents in accordance with said interrogator
signals; coding means coupled to_said circuit means for
transmitting only sclected ones of szid audio frequency
interrogator signals of said response actuating signal
and providing thereby a coded response-actuating signal;
and oscillator means coupled to said coding means and
sclzly powered by said coded response-actuating signal
for generating a second radio frequency carricr having
a frequency different from that of said first carrier and
being modulated by the -interrogator signals transmitted
by said ceding means. .

12. Apparatus according to claim 10 in which said
first tuned circuit means includes a resonant pick-up coil
inductance and a capacitance; in which said Tesponse-
actuating signal also corntains a direct component; and
in which said second waed circuit means includes an
oscillator means for providing said second radio frequency
carrier, said coded respense-actuating »ignal being con-
nected to suid oscillator means, whereby said second car-
rier is modulated by the audio components of said coded
response-actuating signal.

13. Apparatus according to claim 19 in which solely
szid coded response-actuating signal provides power to
said second tuncd circuit means. ’

14. A coded responder unit camprising: a parallel-
resonant inductahce-capacitance pick-up c¢oil excitable
with a first radio frequency carrier kaving a frequency in
accordance with the resonance frequency of said pick-
up ¢coil and beéing . medulated with a plurality of interro-
gator signals; carrier demodulator means coupled across
said pick-up coil to provide a responsz-actuating signal’
having a direct voltage compcnént commensutite with

- the magnitude of said first carrier and alternating veltage

compeancnls commensurate with the frequencies of said
plurality of said interrogator signalg; coding’ means
coupied to said demedulation means fer transmitiing said
direct voltage component and selected ones of said alter-
nating voltage compenents thercthrouzh and providing

“thareby a coded respofnse-actuating sigral; and oscillator

10

18 ¢

“means coupled fo said coding means “and responsive to
-said coded responsc-actuating signal for generating a sec-

ond- radio frequency earrier having a frequency different
from that of said first carrier and being modulated by
those of the interrogator signals whose frequencies are
comruensurate with s2id-selected ones of said alternating
voltage components. o ) :
15. A passive responder unit adapiad to be excited

b) a first radio frequency carrier having a plurality of

audio frequency imterrozator signals muodutated thereon

_and for gencrating 2 szrond radio frequency carrier hav-

40

50

Go

ing only selected ones of said plurality of audio fre-
quency interrozator signals modulated thereon, said re-
sponder unit compri : a parallel-resonant inductance-
capacitance tured circvit having a resonance frequency
correspending to said first carrier; a rectifier connected
in s2ries with said tuped circuit: a radio frequency smooth-
ing capacitor connezied in parallel across the series com-
binaticn of said tuned circuit and said rectifier, the com-
bination of said tuned circuit, said rectifier and said ca-
pacitor being operaiive to provide a response-actuating

signal having a reciified carrier component and audio

compenents corresponding to said audio frequency in-
terrogator signals: 2 ceding means including a plurality
of audio frequency tuned circuits responsive 1o said re-
sponse-actuaiing signal.'said coding means being operative
to suppress particular enes of said audio frequency inter-
rogator signals and operative to pass others of said audio
frequency interrozator signals, thereby to provide a
coded response-actuating signal having audio frequency
conmipznznts in accordance with said others of said audio
frequency interrogator signals; and oscillator means re-
sponsive to said codad response-actuating signal and op-
erative to generate said second carricr, said oscillator
means including a parallel-resonant inductance-capaci-
tance transmit coil, a transistor having a collector, an
emitter and a base electrode, a parallel resistance-capaci-
tance network coupled to said base electrode, an induc-
tance inter-coupling ore end of said transmit coil with
said network, said collector electrode being connected to
the other side of said transmit coil, said coded response-
actuating signal being applied to said emitter electrode
and one end of said transmit coil.

16. A passive responder unit adapted to be excited by

5 = first radio frequency carrier having a plurality of in-

terrogator signals rodulated thereon and for generating
a second radio frequency carrier having only certain ones'
of said plurality of inzerrogator signals modulated there-
on. said responder unit comprising: a- tuned circuit hav-
ing a resomnrnce frecuency corresponding to said first
carrier; detector means coupled to said tuned circuit
for providing a responsz-actuating signal having a recti-

fied carrier ¢ mronent and a plurality of alternating cut-
Tent compenents corresponding to-said AT ORAIS T gig-—s -

3 nals; coding means inZluding tuned circuits “responsive

to said response-actuating sisnal for transmitting only
selected ones of said plurality of interrogator signals
therethrough and operutive 10 suppress others of said
interrogator signals. thareby to provide a ccded response-
actuating signal having alternating current components

e

in accordance with said selectad ones of said interrogator

signals; and oscillator meuns responsive to said coded re-
Sponse actuating signz:! and operarive to generate -said
second carrier, suid coded responsc-actuating signal pro-

5 viding the szle power to said oscillator means.

17. A signalling svstem for identifying passive coded

 responders with an interrogator, said signailing system

70

75
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comprising: interrcrcier tansmit means for praducing a
first radio frequency carrier havinz & olurality of audio

- frequzncy finterrositor. signals riodulated “therzon: at

least ome ‘tosponder, said responder including pick-up

means excituble by sald first carrier, the electromag- -
‘netic coupling betvesn siid intcrroga'torr trunsmit- means

and said responder pick-up means ‘being a maximum
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- -f uhen l‘xc dxstan"e ‘therebetween is a minimum; rcspmdcr
7 -d#modulation means coupled to said responder pnck -up
-~ .means and operative

to demodulate said first carrier and
to provide a response-actuating sigmal having a rectified
first carrier comnponzat and auwdia . conrpoirents corre-
sponding to said audio frequanczy interrogaior signels;
respondar cading moans conpled o said respouder de-
modulation means uperative to transmit said rectified first
carrier component and selected ones of szid audio com-
ponents and thereby la p;ond* a digially codad re-
sponsc-actuating sx"n‘l having safd rectified fiest carrier
component medulated with said sclected J'.dio LOmpe-
rents which identify said responder uniquely,
sponder transmiiting a different szlection of avdio com-
ponents; responder oscillating meams coupled to said
coding means for generating a secead radio frequency

* carrier having said selected avdio camponznts modulated
thereon, said digitaily coded respense-actuating sxgnal

furnishing the sole power to snid escillating means; in-
terrogator prk -up racans excitable by said modulated

. second carrier; interrogator demodulation nmiéans coupled
10 said interrogator pick-up means and operative to de-"

modulate” said second carrier and to provide a second
rectified cariier component and avdio components corres
sponding 1o said seclected audio frequency interrogator
signals; interrogator signal discriminating means having
a plurality of channels coupled to said interrogator de-
modalation means, cach one of said channels being se-
lectively responsive to a different ome of said audio com-
ponents and being operative to provide an output voltage

‘for each of the audio componcnls modulated on said

second carrier; and a plural stage register means re-

- spoasive to said output voltages, each of said channels

being coupled to a different stage of said register to pro-

_vide an indication of the presence or ab ence of said

output voltages.

18. A signalling systen:-in accardance with d'um 17
including a data iink transmission system having a data
link transmitter responsive to sakd output voliages and
cperative to sequentially sample ench of said regMe.
stages and encode a third radio frequency carsier in ac-
cordance with the s'ate of said stages, said transmission
svstem also including a data link geceiver means respon-
sive to said third carrier and operative to decode said
third carrier to derive aa indicaton of the state of each
of said stages. .

19. A railroad signalling system for sequentially id=n-
ufviog a plurality of adjacent passive coded resporiders
located upon the tracks of a railroad netwerk by means
of an interrogator located upon a railroad vehicle, each
responder being idantified when said railroad vzhicle
is approximately at a selected mimimum distance there-
from, said sigaalling system compudsing: an interrogator
Including a transmit means for geacrating a fist radio
frequency carrier nioduiated with a plurality of audio

requency inlerrogator sicnals, a geceive means for re-
ceiving and democulating a second radio frequency car-
tier modulated with a selected combination of said audio
frequency inte-rogator signals, aa audio frequency dis-
cnmmatmg meaas coupled to sald receive means and op-
erative to -provide a separate output voltage for cach
-interrogator signal included withia said selected com-
bination, and a multi-stage regivter, cach stagd being
associated with and responsive to a different one of said
output voltages for providing an indication of said in-
terrogator signals included within said ssiected combina-
tion; and a plurality of respoaders, ecch ‘responder in-
cluding a pick-up means for receiving and demodulating
said modulated first carrier to provile, a respansc-actu-

.ator signal having a rectified carrier cemponent and audio
. components in accordance with said plurality of interro-.
" gator signals, a coding means coupled o said p'ck-up

means transmitting said rectificd carrier compeonznt and

dUle Con]nnnpnlc correcnandin~te o caloctad camhinatinn
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of s.ud mtcrre:ator signals lbcxet‘nounh each rexponder

including a coding means transmitting a different sclecied .

combinaiicn of audio componerts, and oscillator means
coupled to said coding means and pox\erei by said trans-

said second carrier, szid transmaiited audio cempenents be-

ing opsrative to modulate said second carrier with said se-

lecicd combination of interrozator signals.
20. A signalling system for identifying passive codcd
responders with an interrogator. said system comprising:
interrocator trarsmit cans for providing a first radio
‘frequency carrier having a plurality of audio frequency
“interrogator signals modulated thereon; at least one pas-
sive 1esponder responsive to said first radio frequency
carrier and operative o prowde in response thereto a
second radia frequency carrier having only selected ones
of said plurality of interrogator signals modulated there-
on; interrogator pick-up nieans asscciated with said in-
terrogator transmit means and excitable by said modu-
lated 'sccond carrier; interrogator demoduiation means
coupled to spid interrogator pxc}\-"p means and operative
to d‘-mcdul ite said second carrier and to provide a rec-
tified carrier componest and audio components corre-
spording to the frequencics of srid selected interrogator
siznals; audio frequency discriminating and detecting
means including a plurality of freguency sensitive chan-
rels each tuncd to a different one of said interrogator
signals, each onc of said channels being sclectively re-
spomivc to a different onc of said audio components and

0 operative to provids an cutput voltage upon application

of an rudio component to which it is tunad; and plural

stage rezister means, cach staze being sct by a different

onc of said output veltages to provide an indication of
said selected interrogater signals. )

. A signalling system for identifying passive coded
recpenders by means of an interrogator and comprising:.
interrozater transmit means including automatic gain
control micuns responsive to a control voltage for provid-
ing an amplitude-controlled first radio frequency carrier
baving a piurality of audio frequency intorrogator signals
meduiated théreon; at 1 ‘
citable by said first carrier and aperative to provide, in
response thereto, a second radio frequency carrier having

- only selected onas of said plurality of iriterrogator signals
5 modalated thereon, said interrogator transmit means and
satd responder being capeble of relative miotion in re-
spect to one zno'h»r so as to vary the dagree of elzctro-
magnetic coupling therebetween; Intcrrogator pick-up
means for receiving said mocuivted sccond carrier; in-
terrogator demodnlation means coupled to said iaterio-
pator pick-up means znd oparative to demodulate said
second carrier to derive said control voltage commen-
surate with tihe rectiied carricr comperert of suid second
carrier and audio cemponents c;-rrespondmv to said, se-
lected interrssator sigrals; ‘nterrogator signal dxscrxm-
inating ond detecting mveans having a plutality of fre-
quengy sensitive channels each szlectively responsive to
a difterent one of said. zudio compomn s and operative
to m ovide an output voltage upon application of an
audio component of its lr‘dl\'l-lh‘h frequency.

22. A sizng iling s»s fem in
having a galing means interpos=d between said interro-
gator deiodulution means and szid interrogator signal
discriminating means, said gating means being responsive
to a gala control signal and being operative to trans:nit

said audio componenis to said. signal discriminating.

means upon the occuirence of s2id gate control signal,
and gate centrol sicnal means responsive to said rectified

0 carrier componznt of said
to provAdc said gate control signal when said rc"'lﬁed
carrier componsnt r=1ches a prcd;.crmmcd magnitede,
23. A signalling system’in accordance with cleim 21
wherein said interrogator transnit rrr-:ms inc}udcs a con-

CIA-RDP81- 00120R000100010003 3

mitted rectified carr: er con 1ponent and oparative to provide .

cast one passive responder ex-.

accordance with claim’ 21

second carrier and ape-ative

recuﬁcd‘
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earricr component of 'said second carrier for comparing

the magnitude of ‘said: rectifiad carrier companent with
2 refercnce voltage to deri = said controf woliage. .~

74, A signallinz sysiém in accordance with ciaim 21
wherein said interrogator includes a naulti-stege register
mecns, exch stage of said regisier beins associated with

a different one of suid audio components and Leing re-

_sponsive to a coding voitage diference siznal, and a”

plurality of comparing means, cach comparing means
being responsive to a ditferent coding voliage for com-
paring the magnitude of said coding voliage with a further
reference voltage and being operative to derive said cod-
ing voltage difference signal. _ )

25. A signailing system in accordance with claim 24
wherein each stage of said multi-stage register mieans is
responsive to a resst puise for clearing said regisier, and
reset pulse means responsive to said rectified corricr cont-
ponent of said second carrier and providing said reset
pulse when said rectified carrier component suffers a pre-

“deiermined change of magnitude.

26. An iricrrogator-responder sysiem comnprising: in-
terrogator trunsmit means including auicmatic gain con-
trof means respoasive to an automatic gaia control differ-
ence voltage for controliing the amplitede of eleetro-
magnetic radiation in the feri of a first radio frequency
carrier having 2 plurality of inlerrogator signals modu-
Iated thercon: a passive responder respomsive to said
first carrier and eperable to provide response clectro-
magnetic radiation in the form of a second rodio fre-
quency carrier having only sclected ones of said piu-
rality of interrogator signals modulated thercon, said
interrogator transmit means and said responder being
capable of relative movement so as to vary thz length
and atlenuation of the path of said electromagneiic radia-
tion between said interrogator transmit means and said
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" responder; a receive means associated with said inter=;" 7T
rogater and operative to receive said respense electro- -
magnatic rgdiation from .sud ‘responder and to derive .

- a rectified response carrier voltage ard a composite in--

20

30

35

terrogator response sigaal including said selected” inter-
rogator signals: ipterrogaior signal discriminator means
having a different output terminal associzted with each
ane of said plurality of interrogator signals for unscram-
hling said compcsiie interro2ator response signal, said
discriminator means beiig responsive to said comiposite
interrosator response signal and operative to provide e~
sponse ouiput signals on those of said output terminals
which are ‘associated with said selected interrogator sig-
nals; d plurality of detecior pcans cach responsive to a
diferent one of said responsc output signals and ope:a-
tive to derive response output voituges indicative of raid
selected interrogutor signals received by said receive
means; and comparing means responsive to said rectified
response carrier voltage for comparing said rectiiied re-
sponse carricr voltage with a reference voltage and opera-
tive ta provide said automatic gain control diff2rence
voltage ’ -
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